We report here the unexpected result that when a chick limb bud is grafted into a quail at E4, it is tolerated and, like allogeneic grafts in chickens, induces adult skin-graft tolerance without modifying the MLR response. Similar results were obtained with grafts from another closely related species of bird, the guinea fowl from the Phasianidae family. In contrast, xenogeneic combinations involving more distant species (chick and quail as recipients and duck, an Anatidae, as donor) resulted in strong and early rejection from both recipients. As a whole, quails exhibit a greater ability than the chick to become tolerant to antigens presented peripherally from early developmental stages. In adult quails, however, skin grafts performed in either direction (i.e., quail to chick or the reverse) are rejected according to a similar temporal pattern. Moreover, lymphocytes of both species are able to respond equally well to quail or chick IL-2. Several hypotheses are envisaged to account for these observations. It seems likely that this type of tolerance is directly related to antigenic load because the load in chick to quail wing chimeras is larger than that in quail to chick chimeras. This view is supported by the protracted delay in graft rejection observed when two quail wing buds instead of one are grafted into chickens.
INTRODUCTION
A series of experiments were initiated in our laboratory a few years ago to test the effect on tolerance induction of embryonic tissue grafts between either two species of birds, the quail (Coturnix coturnix japonica) and the chick (Gallus gallus), both belonging to the same taxonomic family, the Phasianidae, or between chickens differing genetically in their major histocom-*Corresponding author. patibility complex (MHC: B locus in birds). The grafts consisted in the replacement of a given embryonic territory of the host embryo by its counterpart from the donor. Transplants were taken prior to vascularization and, therefore, did not include hemopoietic cells (HC) from donor origin, thus making this system fundamentally distinct from that of Billingham et al. (1953) in which tolerance was induced in embryos and neonatal animals by HC transfer. So far, the interspecific grafts have been performed using quail donors and chick hosts and have involved fragments of neuroepithelium arin, 1985; Kinutani et al., 1986; Balaban et al., 1988 ; Kinutani et al., 1989; Hallonet et al., 1990) , limb bud (Ohki et al., 1987 (Ohki et al., , 1988 , and the epithelio-mesenchymal stroma of the bursa of Fabricius (Belo et al., 1985 (Belo et al., , 1989 Corbel et al., 1987) .
In all cases, the quail organ developed normally in the host embryo with no signs of immune attack from the recipient's developing immune system. When the transplant was strictly restricted to the neuroepithelium, as in truncal neural tube grafts (Kinutani and Le Douarin, 1985; Kinutani et al., 1986 Kinutani et al., , 1989 , rejection occurred several weeks to a few months after birth and, in certain strain combinations, even led to reversible damage of the grafted nervous system with complete recovery of motile activity (Kinutani et al., 1989 ).
In the case of quail to chick limb bud grafts, the beginning of rejection took place within the first 15 days of life, in all cases leading to the complete destruction and autoamputation of the grafted wing (Ohki et al., 1987) . For the bursa of Fabricius, in which signs of rejection can be observed only if the animal is sacrificed, the immune attack of the stroma occurs within the first weeks after birth .
Within the chicken species, E4-transplantation of limb buds between MHC-mismatched embryos led to virtually complete tissue tolerance not only of the grafted limb, but also of adult skin from the same MHC type as the limb . Therefore, it appeared that isochronic grafts of early embryonic organ rudiments performed in the embryo can induce tolerance when done within the same species, but not in quail-to-chick combinations. In the latter case, only thymic epithelial grafts were found to be able to rescue the graft (Ohki et al., 1987 (Ohki et al., , 1988 Belo et al., 1989 (Fig. 1) . For example, the length of the ulna was approximately 50 mm at 1 month of age in the grafted wing of ADP 6 as well as in control chick wings, whereas it was about 33 mm in quail wings at the same age.
In contrast with the course of development observed in quail-to-chick limb-bud chimeras, where the grafted wing was strongly rejected within the first weeks posthatching (Ohki et al., 1987) , the chick wing grafted into a quail was tolerated with either no rejection or signs of rejection that were mostly limited. For example, in the two chimeras, ADP 1 (Fig. lc) and ADP 15, which died, respectively, at 155 days (spontaneous death) and 49 days (accidental death), no signs of rejection appeared on the grafted wing.
In the 10 other birds, some signs of rejection appeared at various times after birth (mean: 32.1 +16 days; Fig. 2 ), but the immune reaction was (Pardanaud et al., 1989 (Hasek, 1956; Mitchison, 1962 (Ohki et al., 1987 (Ohki et al., , 1988 Belo et al., 1989) .
In this work, we report that in the reverse type of association, that is, chick-to-quail limb-bud grafts, a partial but fairly efficient tolerance of the grafted chick wing is also induced in the absence of thymic graft from the donor of the wing. In fact, the fate of chick-to-quail limb-bud grafts is similar to that of the chick-to-chick combinations just described. The presence of the chick limb during development induces tolerance of the limb-MHC-type skin in the adult chimeras. As with the interspecies grafts, no tolerance was seen in MLR, thus suggesting that the mechanisms involved did not concern clonal deletion of T-cell clones reactive toward the wing antigens in the thymus, but rather in their peripheral inactivation ).
Other types of species combinations using the limb-bud graft assay into chick or quail embryos involved another Phasianidae, the guinea fowl, and an Anatidae, the duck (Anas platyrhynchos). In the absence of any experimental data, one can speculate that the reason for which the quail behaves with regard to xenogeneic grafts (from Phasianideae) as the chick does to allogeneic transplants, relies on differences in the germ-line repertoire of T-cell receptor (TCR) genes in the two species.
If the quail TCR repertoire is wider than that of the chick, it may be able to recognize chick antigenic determinants, that is, chick MHC (alleles+peptides), as it does for the variety of antigens of its own species (alloantigens). The chick would have a TCR repertoire strictly adjusted to the MHC antigens of its own species.
In this respect, the chick would fit with Jerne's hypothesis (1971) that the germ-line repertoires of a given species are essentially selected for the recognition of the MHC (or MHC+peptides) of this particular species. With a more limited repertoire, it would then be unable to adjust the selection mechanisms involved in this particular type of tolerance induction to quail or guinea fowl (closely related to itself in taxonomy though they are). In any case, a barrier exists between chickens and other species for this type of peripheral mechanism of tolerance induction that can be overcome only by thymus epithelial grafts (Ramsdell et al., 1989) .
It is important to notice that adult quails reject skin grafts of either allogeneic or xenogeneic origin as promptly as the other species of birds so far investigated, and namely as the chick. Therefore, one cannot invoke a generally low immune rejection capacity of the quail to explain the phenomena reported here.
In the numerous reports found in the literature, xenogeneic immunological responses show an extreme variability according to both the species combinations and the assay considered. For example, some authors stated that xenogeneic MLR stimulation (Wilson and Nowell, 1970) as well as graft-versus-host responses are weaker than allogeneic (review in Simonsen, 1962 , and references therein; Lafferty and Jones, 1969) . In contrast, Widmer and Bach (1972) found that the MLR responses can be as important in xenogeneic as in allogeneic combinations and that there is a great variation in the extent to which xenogeneic associations may respond. Recently, Alter and Bach (1990) confirmed that the human-cell repertoire does include the ability to recognize very widely disparate (i.e., murine) xenoantigens.
With the aim of determining if some sort of species incompatibility could be detected at the functional level between quail and chick immune systems, we investigated the reciprocal effect of quail and chick IL-2 on T cells from the other species. Indeed, an absence of reciprocity in the response to IL-2 has been already observed between certain mammalian species (Robb et al., 1981; Alter and Bach, 1990 Coutinho and Bandeira (1989) that, in addition to the passive mechanism based upon clonal deletion, tolerance actually involves active regulatory processes. These authors thus interpret the fact that, in the classical system of transplantation, where tolerance is induced by neonatal injection of semiallogeneic hemopoietic cells, high levels of T and B cell activity are always observed (Flajnik et al., 1985) . Moreover, the transgenic mice system has been extremely informative in the last years in showing that an alternative type of tolerance, based on clonal nonresponsiveness rather than clonal deletion, operates extrathymically (Lo et al., 1988; Sarvetnick et al., 1988; B6hme et al., 1989; Morahan et al., 1989; Murphy et al., 1989; Miller et al., 1990 Douarin, 1969 Douarin, , 1973 provided us with eggs. Embryonic transplantation of the wing bud was performed as previously described (Ohki et al., 1987) . The right forelimb bud of the donor embryo was substituted for its counterpart in a recipient: Both host and donor embryos were at the same developmental stage, 3.5 to 4 days of incubation (E3.5-E4), that is, stages 18 to 23 according to Hamburger and Hamilton (1951) for the chick and stages 15 to 17 according to Zacchei (1961) Interleukin-2 Assay IL-2 containing conditioned media (CAS, Con A activated blood-cell supernatant) was obtained from chick and quail PBL (3x106/ml) stimulated with 10/,tg/ml concanavalin A (Con A; Pharmacia Fine Chemicals, Sweden) in Iscove's modified Dulbecco's Medium (IMDM), supplemented with 5% selected fetal calf serum (FCS) and 5xl0-SM 2-mercaptoethanol, for 48 hr at 40C, 5% CO2, as described previously (Corbel and Thomas, 1990 In one experiment, CD4-positive T blasts were obtained by FACS after indirect immunostaining with anti-CD4 Mab (Chan et al., 1988 (Received March 4, 1991) (Accepted March 12, 1991) 
